Thirteen ovariectomized heifers were randomly divided into two groups for each of three experiments. In the first experiment, 10 mg estradiol-17~ (E) was injected intramuscularly into all heifers. Seven heifers also received intramuscularly (im) 25 mg progesterone (P) at -12, O, +12 and +24 hr relative to E injection. Estradiol had a biphasic effect on serum luteinizing hormone (LH) measured at various intervals. Serum LH was significantly (P<.01) depressed at 12 hr but preovulatory-like peaks of LH were noted between 20 and 32 hr after E. Neither the inhibitory feedback of E at 12 hr nor the stimulatory feedback at about 24 hr was significantly affected by P treatment.
SUMMARY
Thirteen ovariectomized heifers were randomly divided into two groups for each of three experiments. In the first experiment, 10 mg estradiol-17~ (E) was injected intramuscularly into all heifers. Seven heifers also received intramuscularly (im) 25 mg progesterone (P) at -12, O, +12 and +24 hr relative to E injection. Estradiol had a biphasic effect on serum luteinizing hormone (LH) measured at various intervals. Serum LH was significantly (P<.01) depressed at 12 hr but preovulatory-like peaks of LH were noted between 20 and 32 hr after E. Neither the inhibitory feedback of E at 12 hr nor the stimulatory feedback at about 24 hr was significantly affected by P treatment.
In the second experiment, 40 /.tg gonadotropin-releasing hormone (GnRH) was injected im into all 13 heifers. Seven heifers also received 25 mg P at -28, -16 and -4 hr relative to GnRH. Peaks of serum LH were observed 1 to 3 hr post-injection in five of six heifers receiving only GnRH. Only three of seven heifers presented with P exhibited LH peaks after GnRH and their peaks tended to be smaller. Average serum LH for all heifers was decreased for at least 3 hr post-GnRH by progesterone pretreatment.
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heifers received E injections 16 hr before GnRH. In contrast to the results of experiment 2, P no longer decreased the GnRll-induced LH release. In conclusion, exogenous P did not antagonize the inhibitory nor the subsequent stimulatory feedback of injected E on LH release (experiment 1). Exogenous P did inhibit GnRH-induced release of LH in ovariectomized heifers in the absence of E (experiment 2) but not in the presence of exogenous E (experiment 3).
(Key Words: Ovariectomized Beef Heifers, Luteinizing Hormone Release, Estradiol, Progesterone, Gonadotropin Releasing Hormone.) Short et al. (1973) demonstrated that exogenous estrogen caused a significant release of LH in ovariectomized cows. Release of LH following estrogen treatment had previously been demonstrated in anestrous (Goding et al., 1969) , ovariectomized (Scaramuzzi et al., 1971) and cycling (Bolt et al., 1971; Howland et al., 1971) ewes. found that estradiol implants had a biphasic effect on serum LH in ovariectomized heifers, first causing a decrease in serum LH at 2 to 6 hr (inhibitory feedback) and then a LH peak which began at 18.5 hr post-implantation (stimulatory feedback). Further, a combination of estradiol and progesterone from implants was more effective in reducing LH variation in ovariectomized heifers than either steroid alone, suggesting a syngergism of these steroids in the inhibitory feedback on basal LH levels . The increa ed release of LH which follows either acute or chronic estradiol treatment can be considered stimulatory feedback rather than removal of inhibition because it does not depend on a decline in estradio] titers but rather on an abrupt increase. Short et al. (1973) cows, were unable to block the estradiol-induced LH release with progesterone injections. However, Hobson and Hansel (1972) suggested that endogenous progesterone prevented estrogen from initiating a LH peak, since at midcycle injected estrogen had no such effect in intact heifers. In addition, progesterone blocked the estrogen-induced LH release in ovariectomized ewes (Scaramuzzi et al., 1971) . Synthetic gonadotropin-releasing hormone (GnRH) injections increased serum LH concentrations in heifers (Zolman et al., 1973) and the increase in LH was the same whether GnRH treatment was on day 15 or day 20 of the cycle (Zolman et al., 1974) . In ewes, Reeves et al. (1971a) found pituitary responsiveness to GnRH to be greater at estrus than at any other stage of the estrous cycle. Pant and Ward (1973) reported that progesterone decreased the GnRH-induced increase in LH release in anestrous ewes. Reeves et al. (1971b) found release of LH following GnRH when ewes were pretreated with estradiol increased anestrous benzoate.
INTRODUCTION
In the estrogen, gated in present study the interaction among progesterone, and GnRH was investiovariectomized heifers. Circulating titers of steroid hormones were not measured because they vary so widely after single intramuscular injections and because they would probably not reflect titers of the exogenous hormone at its receptor site. Rather, it was assumed that the exogenous steroids reached the appropriate receptors in sufficient concentrations to exert their effects. Significant responses tended to verify this assumption.
MATERIALS AND METHODS
Thirteen nulliparous crossbred beef heifers were ovariectomized at approximately 1 year of age, 9 to 12 months before these experiments were conducted. The heifers were randomly allotted to experimental groups for each of the three experiments. At least 2 weeks elapsed between experiments. Intramuscular (im) injections of estradiol-17~3 (10 mg, in corn oil), 4Courtesy of Dr. Russell Mauer, Animal and Veterinary Products Division, Abbott Laboratories, North Chicago, Illinois.
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progesterone (25 mg, in corn oil) and GnRH 4 (40/ag) were administered as follows: Experiment 1. Estradiol-17/3 (E) was administered to all heifers at time 0 (6 pm). Seven of the 13 heifers also received progesterone (P) injections at -12, 0, 12 and 24 hr in relation to the estrogen injection. Jugular blood was collected by venipuncture at -12, 0, 12, 16, 20, 24, 28 and 32 hr relative to the time of E injection. Serum was kept at -4 C for LH assay.
Experiment 2. Gonadotropin releasing hormone was administered to all heifers at 10 am. Seven of the 13 heifers also received P at -28, -16 and -4 hr relative to the time of GnRH injection. Jugular blood was collected by venipuncture at -4, 0, 1, 2, and 3 hr relative to the time of GnRH injection.
Experiment 3. Estrogen was administered at 6 pm (hour 0) and GnRH was administered at 10 am in the following morning (hour 16) to 12 heifers. Six of the heifers also received P at -12, 0 and 12 hr in relation to the estrogen injection. Jugular blood was collected by venipuncture at -12, 0, 16, 17, 18, 19 and 20 hr relative to the time of E injection.
Serum LH was quantified by a heterologous double-antibody radioimmunoassay. The antibovine LH serum s (B-225) was used at a final concentration of 1:480,000 in 800 microliters. Purified ovine LH 6 (LER-1374A) was radioiodinated (13t I) using chloramine T and was purified over Sephadex G-75. I-t was added to the assay tubes 24 hr after addition of anti-LH and 24 hr before addition of the anti-rabbit gamma globulin. Bovine LH 6 (NIH-B-8)was used as standard and all unknowns were expressed in terms of this reference preparation. All serum samples were immunoassayed in duplicate 200 /al aliquots in one assay. The lowest amount of standard LH that significantly decreased antibody-bound 131 I-LH was .03 ng per assay tube. Therefore, 200 /~1 aliquots of unknown samples appearing to contain less than this amount were assigned a concentration of .15 ng/ml for statistical analysis. The immunoassay validation for this anti-bovine serum (B-225) was described by Niswender et al. (1968) . Immunoassay inhibition curves were also determined in our laboratory by adding increments of either pooled bovine serum or standard LH to assay tubes and measuring the decreases in 131 I-LH bound to the anti-LH. The specific binding was expressed as a percent of that in the zero standard tubes (Bo). The percent B o was then plotted (logit scale) against the log dosage of standard or serum and the two inhibition curves were found to be linear and parallel.
Two-way analyses of variance (ANOV) were conducted separately for each experiment (Steel and Torrie, 1960) . Means within treatment groups were compared by paired t-test. Comparison of individual means between treatment groups was also by t-test.
R ESU LTS
In experiment 1, there was no significant treatment x time interaction, however, significant treatment (1<.05) and time (P<.01) effects were observed. Exogenous E exerted a biphasic effect on serum LH (table 1) . Serum LH concentrations were significantly (P<.01) depressed at 12 hr after E and elevated at periods 24 or more hr after E. Luteinizing hormone peaks were observed in 10 of the 13 heifers at periods between 20 and 32 hr with six heifers having their peaks at 24 hr after E. A peak of serum LH was defined as a concentration which exceeded by 100% the average level observed at -12 hr and 0 hr in that heifer.
When analyzed across all time periods, serum LH in the P-treated heifers was lower than in heifers receiving only E (P<.05). However, mean comparisons at various times revealed that this significant treatment effect was primarily due to P-treated heifers having lower serum LH at +28 and +32 hr (table 1) . Neither the inhibitory feedback of E at +12 hr nor its stimulatory feedback at +24 hr was significantly (P<.05, t-test) affected by P treatment. Furthermore, progesterone did not affect the incidence of heifers with LH peaks, the magnitude of the peaks, or their time of occurrence.
In the second experiment, im injection of 40 #g GnRH increased serum LH at +1 hr and caused serum LH peaks in five of six heifers comparable to those produced in experiment 1 by E but in this case occurring 1 to 2 hr after GnRH (table 2) . Two-way ANOV revealed that P treatment resulted in a highly significant (P<.01) decrease in serum LH. In fact, serum LH at +1 hr in the GnRH + P group was not significantly greater than that at 0 hr (P<.05, paired t-test). As presented in table 2, the inhibitory action of P was also revealed in the low incidence of heifers responding to GnRH (three of seven) and in the reduced magnitude of those LH peaks which did occur.
In experiment 3, the inhibitory action of P on GnRH-induced LH release was tested in heifers pretreated with estradiol. However, it was necessary to inject GnRH prior to the time when E itself would have provoked a LH release. Table 3 presents both experimental protocol and results. It was shown by analysis of variance that the main effect of P treatment and the treatment x time interaction were not significant (P<.05). There was a time effect (1<.01) showing that both treatments caused Injections of P were given at --12, 0, +12 and +24 hr relative to the time of E injection. Injections of P were given at -28, -16 and --4 hr relative to GnRH injection.
elevated LH concentrations in the serum. Serum LH was increased by GnRH in these E-pretreated heifers to levels similar to those observed in heifers without pretreatment (table 2). The incidence of GnRH-induced LH peaks (five of six heifers) and their average magnitude (10 ng/ml) were also comparable to those in experiment 2. There was a tendency for the LH peaks to occur later after GnRH administration in experiment 3, but with only hourly sampling this effect will require confirmation with close interval sampling. However, this effect was consistent with more prolonged GnRH-induced LH responses in estradiol-treated heifers .
In the absence of any significant (P<.05) main effect or interaction involving P, it was concluded that progesterone did not affect the GnRH-induced release of LH in heifers pretreated with E (table 3). The incidence of heifers with LH peaks was five of six in both groups. There was a tendency for the LH peaks bInjections of P were given at -12, 0, and +12 hr relative to E injections (at --28, -16 and --4 hr relative to GnRH injection).
to be larger in those P-treated heifers responding to GnRH but this difference resulted from two P-treated heifers having LH peaks of 27 and 33 ng/ml, respectively. Regardless of any marginal P-induced stimulation, the inhibition of GnRH-induced LH release by progesterone (table 2) was totally lacking in E-pretreated heifers (table 3) .
Discussion
The failure of exogenous P to inhibit E-provoked release of LH (table 1) confirms the results of Short et al. (1973) in ovariectomized cows and of Swanson (1974) in intact prepuberal heifers. However, the pituitary LH response of intact cyclic heifers to a relatively low dosage of estrogen was diminished during the luteal phase of the estrous cycle when endogenous progesterone would be elevated (Hobson and Hansel, 1972) . The present antagonistic action of E on the P-induced inhibition of GnRH action also emphasizes that relative dosages or endogenous levels of estrogen and progesterone may be critical determinants of the LH release provoked by exogenous as well as endogenous GnRH.
The present inhibitory action of exogenous P on the pituitary LH response to exogenous GnRH is similar to the observation of Pant and Ward (1973) in anestrous ewes. The present results are also consistent with a decreased pituitary response to GnRH in luteal phase ewes (Reeves et al., 1971a) and heifers (Kalra et al., 1974) .
The inhibitory feedback of P on LH release induced by GnRH could be counteracted by E injection 16 hr before GnRH. This observation suggests that E acting for only 16 hr facilitates LH release in response to injected GnRH prior to the time (24 hr) when endogenous GnRH would provoke a LH surge. It is further speculated that E injections initially decrease pituitary LH responsiveness to GnRH but that subsequently E facilitates LH release by (a) sensitizing the pituitary to GnRH , (b) counteracting any progestional inhibition of pituitary LH responsiveness to GnRH (tables 2 and 3), and (c) probably provoking a surge of endogenous GnRH release. Apparently, exogenous P cannot sufficiently antagonize these actions of exogenous E to significantly alter the preovulatory-like surge of LH.
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